A 50-year-old man developed a symptomatic tachyarrhythmia 22 years after surgical division of multiple right-sided accessory pathways. Electro-anatomical mapping during sinus rhythm revealed an electrically isolated ectopic focus on the right atrial free wall near the tricuspid annulus (TA). Activation map during tachycardia indicated the presence of lower loop reentry (LLR) with collision of the wavefronts in the high right atrium. The isthmus of slow conduction was located between the surgical incision near the posterior TA and the inferior vena cava. LLR was eliminated by radiofrequency linear ablation at the cavotricuspid isthmus. (J Arrhythmia 2011; 27: 220-225) 
Introduction
Since the advent of catheter-based ablation techniques, surgery for Wolff-Parkinson White (WPW) syndrome is rarely performed. Atrial tachyarrhythmias are not uncommon after cardiac surgery. The reentrant circuit supporting these arrhythmias is usually around the right atrial scars left after the atriotomy and cannulation. 1, 2) We report a case of atrial tachycardia, which developed 22 years after surgery for multiple right-sided accessory pathways (AP). Electro-anatomical mapping revealed the presence of lower loop reentry (LLR) and an intraatrial electrically isolated automatic focus near the tricuspid annulus (TA). Radiofrequency linear ablation at the cavotricuspid isthmus (CTI) successfully eliminated the LLR.
A 50-year-old man with a history of paroxysmal tachycardia since childhood, diagnosed as WPW syndrome ( Figure 1A) , experienced an episode of palpitations and syncope at the age of 28 years. His electrocardiogram at the time revealed atrial fibrillation with a rapid ventricular response (shortest RR interval = 210 ms) for which he underwent cardioversion ( Figure 1B ). Alterations of QRS morphology during rapid ventricular response suggested the presence of multiple APs at right free wall and posterior septum sites. A subsequent electrophysiological study confirmed the presence of APs in the right antero-lateral and postero-septal regions. Since the shorter effective refractory period of the AP was 220 ms and an infusion of procainamide (600 mg intravenously) did not resolve conduction block of APs, the patient underwent surgical treatment of WPW syndrome.
Intraoperative epicardial activation mapping during atrial pacing (Figure 2A) showed the earliest ventricular activation in the right anterior region. In addition, the earliest atrial activation site during ventricular pacing and during atrioventricular (AV) reentrant tachycardia was present in the posteroseptal area. During normothermic cardiopulmonary bypass and cannulation of the superior and inferior vena cava (IVC), the anterior and posterior right atrium (RA) was opened along the TA. The right A B
Figure 1
A: Prominent delta waves and ventricular pre-excitation are present on the preoperative electrocardiogram. B: Spontaneous atrial fibrillation with wide QRS complex and rapid ventricular response (shortest RR interval = 210 ms). Alterations of QRS morphology suggested that the presence of multiple APs at right free wall and posterior septum.
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Lower loop reentry after WPW surgery ventricular fat pad near the TA was dissected and the postero-septal AP surgically divided. The right anterior AP was ablated by 3 consecutive applications of a cryoprobe cooled at À180 C. However, on the day after surgery, anterograde conduction returned over the right anterior AP. The patient underwent a second operation 1 month later ( Figure 2B ). After epicardial mapping, the right coronary fossa between the RA appendage and the aorta was dissected, and a right atriotomy was performed along the TA, between the RA free wall and the membranous septum, on the beating heart, under normothermic cardiopulmonary bypass. Since AP conduction persisted, a cryoprobe cooled to À180 C applied to the right anterior trigone produced transient 2 nd degree AV block, indicating that the AP was near the normal AV conduction system. Cryoablation was resumed under constant monitoring of AV conduction until AP conduction was eliminated while anterograde AV nodal conduction was preserved.
There were no perioperative complications and no recurrence of ventricular preexcitation or symptoms, until 22 years later, when the patient experienced recurrent palpitations and syncope due to atrial flutter with a cycle length of 272 ms ( Figure 3A ). After cardioversion, the patient was referred to our hospital for further evaluation and management.
Electrophysiologic studies were performed in the fasting, non-sedated, drug-free state, with multielectrode catheters placed in the high RA, His bundle region, right ventricular apex and in the coronary sinus, respectively, from the right femoral vein.
During sinus rhythm, normal PA, AH and HV intervals, and normal anterograde and retrograde AV conduction were observed. A bolus injection of adenosine caused transient bidirectional AV block with no evidence of residual AP conduction. Furthermore, burst atrial pacing at a cycle length of 190 ms produced aberrant conduction with left bundle branch block morphology identical to that of the clinical tachycardia.
Electro-anatomical mapping during sinus rhythm was performed with a CARTOÔ XP mapping system (Biosence Webster Inc., Diamond Bar, CA), using a 4-mm deflectable catheter. An area of scar was observed in the posterior septum near the TA, and an isolated area of ectopic rhythm at 30 bpm was detected in the lateral free wall lesion near the TA ( Figure 3B ). Atrial flutter at a cycle length of 254 ms was induced by burst pacing from the ostium of the coronary sinus. Concealed entrainment was observed by burst pacing from a near posterior portion of at the IVC-atrial junction. Activation mapping during atrial flutter revealed the presence of LLR revolving around the IVC associated with collision of the counterclockwise and clockwise wavefronts in the high lateral RA (Figure 4 ). The isthmus of slow conduction of the LLR was located between IVC and incision near posterior TA in right atrium. Radiofrequency catheter ablation was performed during tachycardia by creating a continuous linear lesion from the TA to the IVC. The LLR was terminated during the delivery of radiofrequency energy. After confirmation of bidirectional cavotricuspid isthmus (CTI) conduction block, atrial flutter was no longer inducible. The patient has remained arrhythmia-free in absence of antiarrhythmic drug over 6 months of follow-up.
Discussion
The first surgical interruption of an AP in a patient with WPW syndrome was reported in 1969. 3) Before the advent of catheter ablation, the surgical indications for WPW syndrome included 1) refractoriness to or intolerance of antiarrhythmic drugs, and 2) spontaneous atrial fibrillation associated with a rapid ventricular response or a short refractory period of the AP. 4, 5) AP conduction was eliminated via an open heart endocardial or closed heart epicardial approach, the latter supplemented by cryoablation of the AV groove, without cardiopulmonary bypass and atriotomy. 6) In this case, an endocardial approach was adopted because preoperative epicardial mapping suggested that the posterior AP was located at the septal site. In addition, a long atriotomy along the TA was performed because of the recurrence of right anterior AP conduction. An electrically isolated ectopic focus was observed on the RA free wall near the TA, apparently bounded by the TA, the sutured line of incision and the cryoablation scar.
LLR has been described as a macroreentry around the IVC instead of the TA, as occurs in typical atrial flutter. 7) Among 29 patients with typical atrial flutter Cheng et al. 8) observed 6 with LLR, an atypical RA flutter dependent on conduction through the CTI. The reentrant circuit of LLR involved the CTI, with an early breakthrough along the crista terminalis, resulting in wavefront collision along the high lateral or septal wall of the RA. Alternating LLR and typical AFL resulting in cycle length oscillations was present in 1 of the 6 patients. Zhang et al. also reported patients whose tachycardia on surface ECG was consistent with clockwise atrial flutter, and in whom they found figure-of-8 double-loop reentry around both the IVC and TA. 9) They hypothesized that the flutter circuit was determined by the Oginosawa Y Lower loop reentry after WPW surgery revolution or conduction times around the IVC and TA; i.e., a shorter revolution time around the IVC compared with that around the TA caused LLR, whereas a shorter revolution time around the TA caused typical AFL. Similar revolution times around the IVC and TA resulted in figure-of-8 double loop reentry. Based on this hypothesis, we believe that the electrically isolated area and the cryoablation scar present in our patient served as an obstacle and slowed the conduction around the TA, resulting in a single LLR around the IVC. The absence of information regarding the response to entrainment other than the near posterior portion of the IVC-atrium junction is a limitation of our report. Repeated entrainment mapping were not applied to avoid the termination or acceleration of the tachycardia. However, electro-anatomical mapping revealed that the counterclockwise and clockwise wavefronts collided in the high lateral RA, suggesting that the conduction time around the IVC was shorter than that around the TA and the high RA was not included in the tachycardia circuit.
Furthermore, revolution around the IVC and tachycardia termination at the CTI by linear ablation of the isthmus would support a diagnosis consistent with LLR in this patient.
